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ABSTRACT

MIIMC, MMIIMC, and CMIIMC are biologically significant Schiff bases formed by the condensation
of 3-amino-5-methyl isoxazole with formyl chromone. Substituted formyl chromones and metal
chelates containing Cu(ll), Ni(ll), Co(ll), and Zn(ll) are prepared. These were studied utilising
elemental analysis, FTIR, UV-VIS, 1H, 13C, mass spectra, magnetic susceptibility, conductance
tests, and thermogravimetric techniques. The data revealed that the ligands display neutral,
bidentate coordination through carbonyl oxygen and azomethine nitrogen. The antibacterial activity
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of the ligands and metal complexes is determined in vitro against bacteria and fungus using the
paper disc method. Metal chelates have significantly higher MIC values against bacteria than
ligands. The DNA binding properties of Cu(ll) complexes were examined. MTT is used to determine
the complexes' anticancer efficacy against HL60 tumour cells. The researchers discovered that the
complexes prevented apparent morphological alterations. The inhibition ratio was hastened by
increasing the dosage, and it had a strong positive association with the medicine dosage.

Thermal analysis of complexes showed initial mass loss due to moisture and hydrated water
molecules, followed by weight loss at 2200C due to coordinated water molecules, indicating metal

oxide breakdown.

Keywords: Biological assessment; heterocyclic schiff base metal complexes; FTIR; UV-VIS; 1H; 13C;

mass spectra.
1. INTRODUCTION

Because of their many biological uses, Schiff
bases are highly appreciated in both organic and
inorganic chemistry [1]. The study of metal
complexes involving Schiff bases is gaining
popularity among biochemists [2]. “Diverse
biological actions are exhibited by isoxazole
derivatives, encompassing  pharmacological
attributes like antibacterial, anti-HIV, and anti-
cancer activity, in addition to agrochemical
qualities and pesticide and insecticidal
applications [3]. Three metal complexes of Schiff
bases generated from substituted
salicylaldehydes and 3-amino-5-methyl
isoxazoles were reported in our study. We found
that the activity increased with complexation” [4].
The synthesis, characterization, and biological
investigations of Schiff bases and their metal
complexes are presented in this study.

()3-{[(5'-methyl-3'-isoxazolyl)imino]methyl}-4H-4-
chromenone (MIIMC)

(ii)6-methyl-3-{[(5'-methyl-3'-
isoxazolyl)iminolmethyl}-4H-4-
chromenone(MMIIMC)

(iii)6-chloro-3-{[(5'-methyl-3'-
isoxazolyl)iminolmethyl}-4H-4-

2. METHODOLOGY

Physical measurements: The Varian Gemini
Unity Spectrometer was used to record the 1H
NMR spectra of the ligands at 200 MHz and 300
MHz, while the Varian Gemini was used to
record the 13C NMR spectra at 100.6 MHz. An
equipment called the VG micro mass 7070-H
was used to record El mass spectra. Using KBr
pellets in the range of the Perkin-Elmer Infrared
model 337, the ligands' and complexes' IR
spectra were captured (4000-400cm-1). Using a
Schimadzu UV-VIS 1601 spectrophotometer, the
electronic spectra of metal complexes in DMSO
were captured [5]. The complexes' magnetic
susceptibilities were ascertained by employing
the Gouy balance model 7550 and
Hg[Co(NCS)4] as a reference material. Using a
Mettler Toledo Star system, complexes were
subjected to TGA between 0 and 1000°C. The
decomposition temperature of complexes and
the melting temperatures of the ligands were
found [6-9]. An electronic digital conductivity
metre (Digisun model DI-909) was used to
measure the conductivity in DMSO solutions
(0.001 M). Using microanalytical methods on a
Perkin Elmer 240C elemental analyzer, the
percentage composition of C, H, and N in the
complexes and ligands was ascertained (USA).
An EPR Varian-E-112 was used to record the

room temperature EPR spectra of copper
chromenone(CMIIMC) complexes.
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Image 1. Schiff bases and their metal complexes

2.1 Synthesis of ligands: MIIMC / MMIIMC
/ CMIIMC

3-Formyl chromone / 3-formyl-6-methylchromone
/ 3-formyl-6-chlorochromone (0.05 mol) dissolved
in methanol was added to a methanolic solution
of 3-amino-5-methyl isoxazole (0.05 mol) and
refluxed on a water bath for approximately 3
hours. After cooling, a light yellow crystalline
compound separated from the solution, which
had been concentrated to half its volume. It was
recrystallised from methanol. The purity of the
compounds was determined using TLC. Yield:
80-85%.

These Schiff bases were also synthesized by
microwave irradiation and ultrasonic
methods52°°, The products obtained were highly
pure with good yield compared to the ligands
prepared by conventional methods [10-12].

Synthesis of metal complexes: (general
method): The metal and ligands were
combined in a 1:2 molar ratio to form the metal
complexes [13].

A hot methanolic solution of ligand (0.01 mol)
and a hot methanolic solution of matching metal
salts (0.005 mol) (MX2, where M = Cu(ll), Ni(ll),
Co(ll), and zn(ll), and X = Chlorides/Acetates)
were mixed together with constant stirring. The
mixture was refluxed for 2-3 hours on a water
bath set to 70-80 degrees Celsius. Colored solid
metal complexes formed upon cooling. The
products were filtered, washed with cold
methanol, and finally dried under vacuum over
P4010.

Molecular modeling studies: Without X-ray
crystal structure data, the three-dimensional
structure of the molecules cannot be fully
determined. However, recent  important
breakthroughs in computational chemistry
techniques offer an alternate, if approximate,
method for estimating the three-dimensional

structures  of molecules. The probable
configurations for the Cu(ll), Ni(ll), and Co(ll)
complexes were determined using

semiemperical and density functional theory
calculations, respectively. PM3, a semiemperical
self-consistent field approach, was utilised to
calculate the 3D geometries and relative
energies of the various isomers of Cu(ll), Ni(ll),
and Co(ll) compounds. The most stable
structure with the lowest energy among the

1)
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available structures is deemed to be the most

likely.

2.2 Molecular Modeling Structures for
Cu(ll), Ni(ll) and Co(Il) Complexes

DNA binding studies: To ascertain the bonding
affinity between DNA and complexes, room
temperature absorption spectroscopy titrations
were carried out (Cu-MIIMC, Cu-MMIIMC and
Cu-CMIIMC). The complex sample (20 pM) and
3 ml of blank solutions comprising buffer were
then added to the reference cuvettes (1 cm path
length). [14]. The initial spectra was captured
between 200 and 800 nm. To remove the
absorbance of DNA itself during the titration, an
aliquot  (1-10puL) of  buffered  solution
(concentration of 5-10 mM in base pairs) was
given to each cuvette. The absorption spectra
were recorded after the solutions were mixed for
five minutes [15]. Until the spectra showed no
change, signifying that binding saturation had
been reached, the titration procedures were
repeated. At the conclusion of each titration, the
variations in metal complex concentration caused
by dilution were minimal. At least three
repetitions of the absorption spectroscopic
titrations were conducted.

3. RESULTS AND DISCUSSION
A) Characterization of ligands

Physical properties: Each and every ligand has
a yellow colour and is stable in both moisture and
air. Their melting points range from 132 to
1590C, and they are soluble in all organic
solvents. Table 1 displays the ligands' analytical
data. This is the first report of each of these
ligands.

MIIMC:

IR (KBr) 1667cmt 1624 cm?
u(C=N).

UV (MeOH): 352 nm(Amax); 288 NM (Amax).

u(C=0);

'H-NMR (DMSO-ds) (300 MHz) : & 7.93 (s, H-2);
6.91-7.65 (m, H-5,6,7,8); 5.94 (CH=N); 5.58(s, H-
4'); 2.39 (s, 5'-CHa).

13C -NMR(CDCl3+DMSO) (100.6MHz) : 177.4(C-
4); 169.2(C-3"); 158.9 (C-5') 157.1(C-2); 145.7
(CH=N); 138.4 (C-8a); 135.3 (C-7); 130.8 (C-5);
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127.6 (C-4a); 124.2 (C-6); 118.1 (C-8); 106.5 (C-
3); 94.4 (C-4); 12.9(C-5'-CHsa).

MS : m/z at 254 (M*) and other fragments are at
m/z 188,171,176,121 and 92.

Analysis(%) : Found C, 66.08 ; H, 3.37; N,
11.54. Ci14H10N203 requires C, 66.14 ; H, 3.93;
N, 11.02.

IR (KBr) : 1665cm-! u(C=0); 1628 cm- u(C=N).
UV (MeOH) : 354 nm(Amax); 264 nm (Amax).

IH NMR (DMSO- dg) (300 MHz): & 7.71(s, H-2);
7.58(s, H-5); 7.28 (s, H-7); 6.89 (s, H-8); 5.82
(s, CH=N); 5.57 (s, H-4); 2.42(s, 5-CHpy);
2.37(s, 6-CHb).

3C NMR(CDCI3+DMSO0) (100.6MHz): 170.8(C-
4);  159.2(C-3"); 142.5(C-2); 142.3(C-5";
135.8(CH=N); 135.7(C-8a); 131.4(C-4a);
126.1(C-5); 122.0(C-6); 117.7(C-7); 106.1(C-3);
101.2(C-8); 93.8(C-4"); 20.4(C-6-CHs), 12.5 (C-
5'-CHg).

MS : m/z at 268 (M*) and other fragments are at
m/z 185,159,140,98,77 and 43.

Analysis(%) : Found C, 67.08 ; H, 4.37; N,
10.54. C15H12N203 requires C, 67.18 ; H, 4.47;
N, 10.44.

3) CMIIMC:
IR (KBr) : 1665cm-t u(C=0); 1627 cm* u(C=N).
UV (MeOH) : 356 nm(Amax); 260 NM (Amax)-

'H NMR(DMSO- ds) (300 MHz): & 7.89 (s, H-2);
7.64(s, H-5); 7.41(s, H-7); 6.98 (s, H-8); 5.85
(s, CH=N); 5.59 (s, H-4'); 2.42(s, 5'-CHa).

13C NMR(CDCI3+DMSO) (100.6MHz): 181.3 (C-
4); 171.0 (C-3"); 159.1(C-5"; 154.5 (C-2); 143.3
(CH=N); 134.9 (C-8a); 134.6(C-7); 127.5 (C-4a);
125.9 (C-5); 123.1(C-6); 119.6(C-8); 105.5 (C-3);
93.9 (C-4"); 12.5 (C-5'- CHa).

MS: m/z 288.5 (M*). other fragments are at 263
and 247.

Analysis(%): Found C, 58.13 ; H, 3.13; N,
9.72. C14H9N203Cl requires C, 58.23; H, 3.11; N,
9.72.

B) Characterization of the Complexes

Physical characteristics of the complexes:
Every complex is non-hygroscopic and stable at

room temperature. They break down at
high  temperatures when heated. The
complexes exhibit solubility in DMSO but

insoluble in water.

Elemental analysis: Table 2 displays the
analytical data for the complexes.

The data unequivocally demonstrate that there is
good agreement between the theoretical values
computed for a 1:2 ratio and the practical values
for each complex. As a result, the complexes'
allocated composition can be expressed as the
table does.

Conductivity: High conductance values (195-
235 Ohm-1.cm2.mol-1) are observed in all
complexes of MIIMC, MMIIMC, and
CMIIMC, suggesting an electrolytic nature in the
solvent.

Thermal Analysis: Weight loss was evaluated
between ambient and 10000C, with the heating
rates in thermogravimetric analysis (TGA) and
differential thermal analysis (DTA) carefully
regulated at 100C min-1 in a nitrogen
atmosphere. The TGA curves of the
aforementioned complexes show that
coordinated water molecules are responsible for
the second weight loss at 220°C, while moisture
and hydrated water molecules are thought to be
lost during the chelate drying process during the
first mass loss in the 100-1200C range. Above
this temperature, the thermogram is horizontal,
with metal oxides being the end products of
breakdown. Fig. 1 depicts a typical thermogram
of Cu-MMIIMC. The presence of water molecules
is further confirmed by the endothermic bands
evident in the individual DTA curve at
temperatures where the TGA curve should lose
weight. In addition to endothermic bands, DTA
curves of complexes have exothermic bands.
These bands emerged at higher temperatures,

indicating phase shift, oxidation, and/or
breakdown of the chemical.
Table 1. Analytical data of the ligands
Compound M.Wt M.Formula M.pt C% H% N%
MIIMC 254 C14H10N203 132 66.08 3.37 11.54
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MMIIMC 268 Ci15H12N203 159 67.08 4.37 10.54
CMIIMC 288.5 C14H12N203Cl 151 58.13 3.13 9.72
Table 2. Analytical data metal complexes
Complex Formula MWt. C% H% N% M%
[Cu(MIIMC)2(H20)2]*? [CuCa2sH24N40Os] 607.5 5530 3.95 9.21 10.45
(55.00) (3.81) (9.89) (10.03)
[Cu(MMIIMC)2(H20)2]*2 [CuCz0H28N40s] 635.5 56.64  4.40 8.81 9.99
(55.94) (4.00) (8.81) (9.09)
[Cu(CMIIMC)2(H20)2] *2 [CuC2sH22N4OsCl2] 676.5 49.66  3.25 8.27 9.38
(49.78) (3.51) (7.98) (9.26)
[Ni (MIIMC)2]*2 [NiC28H20N4Os] 566.7 59.29  3.52 9.88 10.35
(59.00) (3.23) (9.00) (10.59)
[Ni(MMIIMC)2]*? [NiC30H24N4Os] 5947 60.53 4.03 9.41 9.87
(60.25) (4.03) (9.27) (9.24)
[Ni(CMIIMC)_z]*? [NiC2sH18N4O6Cl2] 635.7 52.85 2.83 8.80 9.23
(52.01) (2.32) (8.79) (9.51)
[Co(MIIMC)2(H20)2]*? [CoCa2sH24N40s] 6029 55.73  3.98 9.28 9.76
(55.62) (3.92) (9.32) (9.63)
[Co(MMIIMC)2(H20)2]*2 [CoC30H28N40s] 630.9 57.06 4.43 8.87 9.33
(57.21) (4.49) (8.78) (9.23)
[Co(CMIIMC)2(H20)2]*? [CoC2sH22N40sCl2] 671.9 50.00 3.27 8.33 8.76
(50.02) (3.12) (8.23) (8.27)
[Zn(MIIMC)2]*? [ZnC28H20N4O¢] 573.3 58.60 3.48 9.76 11.39
(58.92) (3.51) (9.98) (11.22)
[Zn(MMIIMC)2]*? [ZNC30H24N40s] 601.3 59.87 3.99 9.31 10.85
(59.01) (3.61) (9.58) (10.75)
[Zn(CMIIMC)2]*? [ZnC2sH18N40O6Cl2] 642.3 5231  2.80 8.71 10.16
(52.39) (2.87) (8.69) (10.10)

The determination of chlorides in the metal complexes was carried out by Volhard’s method®.

e Calculated (found)

mg

N

mg*c~=-1-

0.005-

©.000

TR S T

T— T
s00

|||||

Fig. 1. TGA of Cu (Il) MMIIMC

IR spectra: To analyse the Schiff base's binding
manner to the metal ion in complexes, free ligand
IR spectra are compared to those of their
corresponding complexes. Table 3 presents the
IR data for all ligands, complexes, and their

assignments.
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In complexes, the medium intensity band around
1636 cm-1 due to uC=N of all ligands moves to a
lower frequency area to the range of 10-25 cm-1,
indicating that the nitrogen of azomethine is
coordinated with the metal ion 7,8. A band at
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1670 cm-1 caused by the chromone carbonyl
group of MIIMC, MMIIMC, and CMIIMC is moved
to a lower frequency area in the complexes,
showing that the oxygen in the chromone-

carbonyl group contributes in coordination9.
These findings indicate that the shifts are
induced by azomethine nitrogen  and

carbonyl oxygen coordinating the ligand with the
metal atom. Except for Ni(ll) and zn(ll), all
complexes show a broad diffuse band at 3200-
3400 cm-1 and another band at 752-758 cm-1 in
the lower frequency range, which indicates the
presence of water. The findings of elemental
analysis and T.G.A of complexes confirm this
claim. Two new bands formed in the low
frequency area about 551-553 cm-1 and
440-458 cm-1, caused by uM-O and uM-N,
respectively.

Magnetic  susceptibility and electronic
spectra: Table 4 lists the electronic spectra and
magnetic moments of the metal complexes.

Cu(ll) complexes have magnetic moment values
ranging from 1.87 to 1.98 B.M., which are typical
of distorted octahedral complexes. The latest
results show that all Cu(ll) complexes have a
single broad band in the region of 18,920 cm-1
due to the transition between 2Eg and 2T2g,
suggesting tetragonal geometry. Cu (ll)
complexes with tetragonal or square planar
structures are expected to create three bands.
However, in tetragonal complexes, these three
bands usually overlap to produce a single broad
absorption bandll. Table 4 lists the electronic
spectra and magnetic moments of the metal
complexes.

Cu(ll) complexes have magnetic moment values
ranging from 1.87 to 1.98 B.M., which are typical
of distorted octahedral complexes. The latest
results show that all Cu(ll) complexes have a
single broad band in the region of 18,920 cm-1
due to the transition between 2Eg and 2T2g,
suggesting tetragonal geometry. Cu(ll)
complexes with tetragonal or square planar
structures are expected to create three bands.
However, in tetragonal complexes, these three
bands usually overlap to produce a single broad
absorption band11. All Cu(ll) complexes have a
tetragonal geometry, as indicated by their
electronic spectra, magnetic moment data, and
analytical conductance data [16].

The Ni(ll) complexes of MIIMC, MMIIMC, and
CMIIMC were discovered to be diamagnetic, with
two bands about 17027-19980 cm-1 and another

52

around 27050-27777 cm-1. The band at 17,027 -
19980 cm-1 corresponds to 1A1g — 1A2g, which
falls within the range of a transition proposed for
square planar Ni(ll) complexes [12,13]. The other
band that appears around 27050-27777 cm-1 in
these compounds may be due to charge transfer
transition.

The magnetic moments of the current Co(ll)
complexes vary from 4.82 to 5.05 B.M., having a
high-spin  octahedral structure. The Co(ll)
complexes show three distinct peaks at 12093-
14692 cm-1, 19074-23125 cm-1, and 25411-
29012 cm-1, which correspond to the transitions
4T1g(F) — 4T2g (F) (v1), 4T1g(F) — 4A2g (F) (v
2), and 4T1g(F) —4T1g (P) (v3) of octahedral
geometry14. The complexes' v 2 / v1 values
range from 1.80 to 2.2015, indicating an
octahedral shape.

Table 4 shows the ligand field characteristics
and ligand field splitting energies of complexes.
“The B values for the current complexes are less
than one, indicating significant covalent character
of the metal-ligand bonds” [17].

“All Zn(Il) complexes have been shown to be
diamagnetic in nature. Tetrahedral geometry is
the optimal configuration for tetra-coordinated
Zn(ll)  complexes. Based on analytical,
conductance, and spectral data, the Zn(ll)
complexes of MIIMC, MMIIMC, and CMIIMC are
attributed to tetrahedral geometry” [18,19].

ESR spectra: solid state. At ambient
temperature, the ESR spectra of all
contemporary Cu(ll) complexes are anisotropic,
having two peaks, one of small intensity in the
low field region and the other of significant
intensity in the high field region.

Antimicrobial activity: “The biological activity of
the ligands MIIMC, MMIIMC, and CMIIMC, as
well as their binary complexes with Cu(ll), Ni(ll),
Co(ll), and Zn(ll), was screened for antibacterial
activity against bacteria (E.coli and P.
aeruginosa) and fungi (A. niger and R. oryzae)
using the paper disc method. These samples
contain  1mg/ml DMSO. The experimental
procedures and findings gained are discussed
based on Overtone's idea and Chelation theory”
[20].

Different complexes' activity against different
species is dictated by either microbe cell
impermeability or microbial ribosome variations.
Table 5 compares the biological activity of the
synthesised compounds to certain known



Prashanthi et al.; Adv. Res., vol. 25, no. 4, pp. 47-56, 2024; Article no.AIR.116255

antibiotics (gentamycin), showing that the free had better activity or a comparable impact.
Schiff base ligand and some of its complexes (Fig. 2).

Table. 3. IR Absorption frequencies of metal complexes

Complex uC=0 uC=N Coordinated Water  uM-N uM-O
MIIMC 1667 1624 - - -
[Cu(MIIMC)2(H20)2]*? 1652 1613 762 440 543
[Ni(MIIMC)2]*2 1646 1611 - 430 510
[Co(MIIMC)2(H20)2]*? 1646 1607 764 434 544
Zn(MIIMC)2]*2 1650 1577 - 491 524
MMIIMC 1665 1628 - - -
[CU(MMIIMC)2(H20)2] 2 1647 1616 774 420 544
[Ni(MMIIMC)2]*2 1659 1617 - 509 430
[Co(MMIIMC)2(H20)2]*2 1637 1613 738 554 461
[Zn(MMIIMC)2]*2 1660 1617 - 525 482
CMIIMC 1665 1627 - - -
[Cu(CMMIIMC)2(H20)2]*2 1645 1615 775 467 531
[Ni(CMIIMC)]*2 1653 1604 - 486 544
[Co(CMIIMC)2(H20)2]*2 1640 1611 772 472 551
[Zn(CMIIMC)2]*? 1662 1580 - 462 545

Table 4. Electronic spectral data, magnetic susceptibility and Ligand field parameters

Complex Frequency Volvi B B' 10DQg  Meft
[Cu(MIIMC)2(H20)2]*? 18,920; - - - - - 1.87
[Ni(MIIMC)2]*2 19,980 ; 27,777 - - - - -
[Co(MIIMC)2(H20)2]*? 12,890;20,800;27,300 161 642 0.66 7910 5.00
[ZN(MMIIMC)2] +2 - - - - - -
[Cu(MMIIMC) (H20)2] *2 19607 ; - - - - - 1.83
[Ni(MMIIMC)_] *2 17027; 27050 - - - - -
[Co(MMIIMC)2(H20)2] *? 13181 ; 22831 ; 27467 1.61 642 0.66 7910 5.00
[Zn(MMIIMC)2] *2 - - - - - - -
[CU(CMIIMC)2(H20)2]*? 18520 ; - - - - - 1.86
[Ni(CMIIMC)2]*2 18982 ; 27350 - - - - -
[Co(CMIIMC)2(H20)2]*? 12980 ;21750 ;26540 1.67 623 0.64 8770 4,91

[ZN(CMIIMC);]*2 - ; - ] ] )

Table 5. Antimicrobial activity of the complexes

Complex E.Coli P.aeruginosa R.oryzae A.niger
MIIMC + + + +
Cu(ln ++ ++ + ++
Ni(ll) ++ ++ ++ ++
Co(ll) ++ + + ++
Zn(ll) ++ + + ++
MMIIMC + + - +
Cu(ln) +++ ++ ++ +++
Ni(ll) +++ ++ ++ ++
Co(ll) ++ ++ + +++
Zn(ll ++ ++ + +
Gentamycin ++ ++ -= --
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High active = +++ (inhibition zone > 15 mm) ; Moderatively active = ++( inhibition zone > 10 mm) ; Slightly active
= + (inhibition zone > 5 mm) ; Inactive = -- (inhibition zone < 5mm)

Fig. 3. Morphological changes in HL60 cells treated with and without test compound: a)
Control cells with intact nuclei; b) cell membrane blebbing, nuclear fragmentation and
chromatin condensation

DNA binding studies: Cu-MIIMC, Cu-MMIIMC,
and Cu-CMIIMC absorption spectra are
measured with and without CT DNA (at a
constant complex concentration of 20 uM). The
intrinsic binding constants Kb with CT-DNA were
calculated using the following formula in order to
compare the binding strengths of the three
complexes: [DNA]/(pb-€f) in contrast to [DNA].

[DNAY (€a- €) =
€))

where pb is the extinction coefficient of the
complex fully bound to DNA, pf is the extinction
coefficient of the complex without DNA, and €a is
the observed extinction coefficient for the CT
absorption band at a specific DNA concentration.
Kb is the slope-to-intercept ratio in [DNA]/(eb-€f)
vs. [DNA] graphs. Based on absorbance decay,
the intrinsic binding constants (Kb) for 1, 2, and 3
were 2.0+£0.2x103, 3.0+£0.2x103, and

[DNAY/ (eb- €) + 1/ (K (o
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2.2+0.2x103 M-1, respectively. Complex 2 bonds
more firmly than the other two complexes,
according to the binding constants. The
complexes displayed hypochromism in the
subsequent sequence: 2>3>1.

Anti cancer activity: To evaluate the Cu-MIIMC,
Cu-MMIIMC, and Cu-CMIIMC, HL 60 cells are
used. The IC50 values of these compounds are
35.48+1.12 pg/ml.

1. Cell line: In RPMI 1640, human promyelocytic
leukaemia (HL60) cells were grown. In a
humidified atmosphere of 95% CO2 at 37
degrees Celsius, the media were supplemented
with 10% heat-inactivated FCS, 1 mM NaHCO3,
2 mM glutamine, and penicillin-streptomycin.

2. Test concentrations: In order to prepare the
stock concentrations, 1 ml of DMSO was used to
dissolve 8 mg of each test chemical, and the
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resulting 200ug/ml experimental stock solution
was obtained by diluting 25ul of the original stock
solution to 1 ml. The cultivated cells in the
medium were supplemented with different
aliquots of experimental stock (final volume of
200 pl) to attain test concentrations of 10, 20, 40,
60, 80, and 100 pg/ml.

3. Bioassay: HL60 cells were seeded in 96-well
microtiter plates at a final density of 2x104
cells/well for all studies. Test chemical
concentrations ranging from 10 to 100 pg/ml
were applied to the cells. The cytotoxicity was
measured using the MTT [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrasolium bromide] test,
which was carried out in accordance with
Mosmann's  (1983)23 protocol. In  short,
2x104 cells were planted in each well of 96-well
plates using 0.1 ml of either RPMI medium or
DMEM. Two days following the initial 24-hour
period, the vitality of the cells was evaluated by
adding 10pl of MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide; 5 mg/ml; stock
solution, Sigma) to each well. After that, the
plates were incubated for a further four hours at
37°C. Both the media and the formazan blue that
developed in the cells were thrown away. Using
a spectrophotometer, the rate of colour
generation was determined at 570 nm (Spectra
MAX Plus; Molecular Devices; supported by
SOFTmax PRO-5.0). Every experiment was
conducted using the typical lighting seen in
laboratories. The percentage of cell viability
inhibition was calculated by comparing the
results to the control values (without test
compound). In order to get the best straight-line
fit, the regression lines were shown after the data
was analysed using linear regression. The

relevant regression equation was used to
get the IC50 (inhibition of cell viability)
concentrations.

Cell Morphological Assessment: A phase-

contrast microscope was used to look at the
morphological anomalies. After a 24-hour
treatment, cells showed clear morphological
alterations, such as the production of apoptotic
bodies and chromatin condensation and
fragmentation. The control group, on the other
hand, lacked the test substance and had normal,
healthy nuclei with no anomalies. While most
treated cells in all test doses showed similar
signs of apoptosis, the cells exposed to the
highest concentration suffered the most damage

(Fig. 3).

Metal chelates from MIIMC, MMIIMC, and
CMIIMC have been structurally analyzed,
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showing a 1:2 metal-ligand stoichiometry. These
complexes act as electrolytes in DMSO, with
octahedral for Cu (ll) and Co(ll), square planar
for Ni(ll), and tetrahedral for Zn (lI).

4. CONCLUSIONS

The structural characteristics of the metal
chelates of MIIMC, MMIIMC, and CMIIMC have
been determined. In every compound, the metal
ligand stiochiometry is 1:2. In DMSO, the ligand
complexes mentioned above serve as
electrolytes. By connecting between the oxygen
of the chromone-carbonyl group and the nitrogen
of the azomethine, these ligands function as
neutral and bidentate. All of these complexes are
attributed to octahedral geometries for Cu(ll) and
Co(ll), square planar geometries for Ni(ll), and
tetrahedral geometries for Zn(ll) complexes
based on analytical, conductance, magnetic, and
electronic spectrum data. Biological studies of
these complexes reveal that these complexes
show better activity compared to their respective
ligands. Based on DNA binding studies, the
binding constants of the complexes is more due
to greater planar area of the complexes. The
Cu(ll) complexes of these ligands have a
therapeutic value against human cancer cell lines
especially on leukemia cells.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Marciniak B, Buono-Core GE.

Photochemical properties of 1,3-diketonate
transition metal chelates. j. photochem.
photobiol. A Chem. 1990;52:1-25,

DOI: 10.1016/1010-6030(90)87085-P

2. Chohan ZH, Igbal MS, Igbal HS,
Scozzafava A, Supuran CT. Transition
metal acetylsalicylates and their anti-
inflammatory activity. J. Enzyme Inhib.
Med. Chem. 2002;17:87-91,

DOI: 10.1080/14756360290030734
3. Lépez Tévez LL, Martinez Medin JJ, Islas

MS, Piro OE, Castellano EE, Bruzzone L,
Ferrer EG, Wiliams PAM. Antibacterial
activity assays of a new cadmium complex
with o-phenanthroline and cyanoguanidine:
Crystal structure,fluorescence properties,
and chemical speciation studies. J. Coord.
Chem. 2011;64:3560-3574,

DOI: 10.1080/00958972.2011.626854



10.

11.

12.

Prashanthi et al.; Adv. Res., vol. 25, no. 4, pp. 47-56, 2024; Article no.AIR.116255

El Fannassi Y, Gharsallaoui A, Khelissa S,
El Amrani MA, Suisse |, Sauthier M, Jama
C, Boudra S, Chihib NE. Complexation of
terpenes for the production of new
antimicrobial and antibiofilm molecules and
their encapsulation in order to improve
their activities. Appl. Sci. 2023;13.

DOI: 10.3390/app13179854.

GUO SB. Ournal Of. Antimicrobial Activity
of Copper(ll) and Cobalt(ll) Complexes of
Citral-Valine Derived Schiff Base Asian J.
Chem. 2014;26:70-73.

Uivarosi, V. Metal complexes of quinolone
antibiotics and their applications: An
update. Molecules. 2013;18:11153-11197,
DOI: 10.3390/molecules180911153

Hu J, Sun J, Zhou T, Xu Y. Microwave-
assisted synthesis of 1,3,4-thiadiazole
schiff base derivatives. J. Chem. Res.
2011;35:442-443,
DOI:10.3184/174751911X1312820230572
8

Abu-Dief AM, Mohamed IMA. A review on
versatile applications of transition metal
complexes incorporating schiff bases.
Beni-Suef Univ. J. Basic Appl. Sci.
2015;4:119-133.

DOI: 10.1016/j.bjbas.2015.05.004

Kalanithi M, Rajarajan M, Tharmaraj P.
Spectral, biological screening, and DNA
studies of metal chelates of 4-[N,N-Bis-
(3,5-Dimethyl-Pyrazolyl-1-
Methyl)]JAminoantipyrine. J. Coord. Chem.
2011;64:1436-1445,

DOI: 10.1080/00958972.2011.572965
Sadeek SA, Mohamed AA, El-Sayed HA,
El-Attar MS. Spectroscopic
characterization, thermogravimetric and
antimicrobial studies of some new metal

complexes derived From4-(4-lsopropyl
Phenyl)-2-Oxo0-6-Phenyl 1,2-
Dihyropyridine-3-Carbonitrile  (L).  Appl.

Organomet. Chem. 2020;34:2-17.
DOI: 10.1002/a0c.5334

Abdel A, ElI MS, Abdelhamid AO.
European Journal of Chemistry. 2012;
3:455-460.

DOI:10.5155/eurjchem.3.3.359

Bajroliya S, Kalwania GS, Choudhary S,
Chomal S. Synthesis, characterization and
antimicrobial activities of 1,2,4-Triazole
/Isatin Schiff Bases and Their Mn(ll), Co(ll)

13.

14.

15.

16.

17.

18.

19.

20.

Complexes. Orient. J. Chem. 2014;30:
1601-1608.

DOI: 10.13005/0jc/300419

Anupama B, Padmaja M, Kumari CG.
Synthesis, Characterization, biological
activity and DNA binding studies of metal
complexes with 4-aminoantipyrine schiff
base ligand. E-Journal Chem. 2012;9:389—
400.

DOI: 10.1155/2012/291850

El-Tabl AS, Wahed MMA El, Mohamed
EA, Abu-Setta MHH. Modulation of cancer
therapy using nano-organometallic
compounds: Preparation, spectroscopic
characterization and cytotoxic evaluation.
Egypt. J. Chem. 2021;64:3873—-3887.

DOI: 10.21608/ejchem.2021.64313.3379
El-tabl AS, El-wahed MMA, El-henawy EM,
El-wahab OEA, Mohamed S, Hashim F.
Metal complexes in cancer therapy:
synthesis, spectroscopic characterization
and antitumor effect against breast cancer
of new dihydroxy phenyl ethylidene amino
benzoic acid complexes. 2019;10:
631-645.

Vijayalakshmi M. Synthesis and spectral
characterization of schiff base transition
metal complexes, DNA cleavage and
antibacterial activity studies. Rasayan J.
Chem. 2018;11:857-864,

DOI: 10.7324/RJC.2018.1123033

Lamani D, Reddy K, Naik H. An efficient
synthesis and DNA binding interaction
study of some novel heterocyclic fused-
pyarzolequinolines: A potent antimicrobial
agent. African J. Pure Appl. Chem.
2010;4:247-255.

Prashanthi Y, Kiranmai K, Subhashini NJP.
Shivaraj synthesis, potentiometric and
antimicrobial studies on metal complexes
of isoxazole schiff bases. Spectrochim.
Acta - Part A Mol. Biomol. Spectrosc.
2008;70:30-35,

DOI: 10.1016/j.saa.2007.07.02

Kumar SV, Kumar SP, Rupesh D, Nitin K.
Journal of Chemical and Pharmaceutical

Research Preparations. 2011;3:
675-684.
Prashanthi Y, Raj S. Synthesis and

metal
2009;2:

characterization of transition
complexes with. J. Sci. Res.
114-126.
DOI:10.3329/jsr.v2i1.2732

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Prashanthi et al.; Adv. Res., vol. 25, no. 4, pp. 47-56, 2024; Article no.AIR.116255

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/116255

57



